PATENT ABSTRACTS OF JAPAN 



4^ 



(11 publication number : ^P03-258297 

(43)Date of publication of application : 12.09.2003 



(51)Int.CI. 



H01L 33/00 



(21 Application number : 2002-051161 



(22)Date of filing 



27.02.2002 



(71 Applicant : SAKAI SHIRO 

NITRIDE SEMICONDUCTOR CO 
LTD 

(72)Inventor : SAKAI SHIRO 



(54) GALLIUM-NITRIDE-BASED COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid absorption of light 
in a GaN layer in a light-emitting device using GaN. 
SOLUTION: In an UV-LED, on a substrate 10, an n-type 
GaN layer 12, an AIGaN cladding layer 14, a GaN light 
emission layer 16, an AIGaN cladding layer 18, and a p- 
type GaN electrode formation layer 20 are successively 
formed, and a p-type ohmic electrode 22 and an n-type 
ohmic electrode 24 are formed. Reflection layers 50 and 
52 are formed on the interface between the n-type GaN 
layer 12 and the AIGaN cladding layer 14, and on the 
interface between the AIGaN cladding layer 18 and the 
p-type GaN electrode formation layer 20 respectively. 
The refractive index of the reflection layers 50 and 52 is 
smaller than the clad layers 14 and 18, and light entering 
at an angle no less than the critical angle is totally 
reflected for avoiding the absorption of light in the GaN 
layer. 
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(57) [Kft] 

U V - L E DttSS 
a Njf 1 2 N A 1 G a N * 7 y KB 
16, AlGaN^77KI18, 



20 v 22 



G a Nil 

1 0±|:|fiftnlG 
14, Ga N^gftH 
p^G a NtWA 

s niGa NJH 1 2 
tAlGaN^7yKH4i O^ERtf A 1 G a N * 
7yK|l8tp MG a NlIffMI 20i *>»E^E 
5 2lrffMt5o Rlfi 5 0 , 5 2 (7}S#f ^ 
tt^7yKI14, I8«tn/J>$<, BSflWtA 
4* Lfc**r£JR*J UGa NJf-eo*©»iR«r»»Ji" 

So 





1 

r i £«f« £ 1" 5 Sfb# y * AX4b#*¥W»»1t 0 

[»#* 2 ] ft ** 1 E«Ott«^*5V>-C, 
Sr#U 

5 ft; Sr^RMI" S ^ 1" S gfb# V * J*Jkit& 

[W*«3] »**1, 2 0V^»l I^IBtt<B9« 

fcfc— ««rE**1-*fS2R**Ji^ 

«ns»*Jid»e>o*©5*„ »#ft^±<aA»ft&*ri- 
[111**5] w#*i~4ov*-nxa>i {-ia«os» 

[fit** 6 ] W**5E«ottW!:*5V>-c, 
itulSHft/f fl> G a N N AlGaN, A 1 G a UN, 
Al InN^M<^V^fJx^fo5:t^»i:t 
£g{b#y 9A»{b#ft*«(*:3S« 0 

[»** 7 ] If** i - 6 co^iTM^ l KiGttottC 

tSIBSWBfi, A 1 G a N, Al I n G a N N Al In 

5»b^y *A*fb***Wfl*«. 

[If** 8 ] fit** 1 - 6 GDI vj"*b*» 1 ^IB«<0»K 

milER&Nite. S i 02«T?fcS- fc«r#«i:i-5»b 

#y 9A*fb#»¥«{MSit, 

Utiles i 02fi, bnIEG a N»±^BHkM^W*^^5 

c i &*ms fc 1- 5 s*b# y * A*fb#ft***ftit 
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[19**1 l] »**9tE*ro««»-*5V>-c, 

[»W0>»*B*RW] 
[0 0 0 1 ] 

[»w<0«-i-5S«#»] *«wr±a{b^y*^ (g a 

N) #fb^W¥Wff£«* #{c^ft^^cofS]±(c^1- 

[0 0 0 2] 

JO m&<D&m «*J:9 . GaNlUWm S 

[0 0 0 3] El 4 fcltt. «#OG a NX{b#tt*MMF£E 
B (UV-LED) ©-W^$ixrv^5o 

[0 0 0 4] SK^Ts t77^7»OSfi 101I: 
nSGaNll2«:Mt5, n^GaN/112 
*r*jat-r«W-, *fH-eGaN/<y7Tlfe»« 
U ^s/77i±l:nlGa Nil 2^m^« 
#iB-efoSo nSGaNll 2(1, -t^Jit^*$*5 

20 Ga N¥««loGfiCSt:fiM$ t $ C i ^"C# 5, 
nSGaNll2HMUA y TSrJBftJBfcSb 
^^AtSfcfetDnlA 1 Ga N^7y KI 1 
9?vYm I4«r«*t5, ^7iyKitim IS 
ftJiJ:!?^^K^^!x^o^t3fctt^|6^^fflv^fcn, Al 
G a NtOtet- A 1 G a N/G a N S L S (Strained Lay 
er Superlattice) m&^M> A 1 G a I nN^^V^ 

Kill 4£fl2j&Lfct&; G 
aNMH6«U GaNMH6±l:piA 
lGaN^7yKi M2^7y Kl) 1 8 Sr^fiR L 

JO T, ^1M2^7^K114, 18tGaNMl 
1 6Sr»tp««^1"So plAlGaN^9yK118 
-Lirtt, P lGaNlSWl2 0$rM«, ft*3. 
:©piGaNt«Ml2 0fi, ftf£«JE£r<g;»1-S 
&»l*«"Cfifcv\, Sfi 1 0 _bJdKl# 
Ztlb<Dm&Ml&Vtz&, nlGaNll2^^ 
£7ci6t^®<D— ftSraLy^i'^U plGaNiW 
J5RJ12 0±fcpSt-5y^tt2 2&tej&1rz>kkt> 
\C niGaNll2±(Cnit-^y^lS24^ 

[0 0 0 5] 

5lrGaNW/^K^ty7' (3. 4eV, Sfi3 6 5 
nm) K±Oct*^*r#1-5*^H» (3§ft/§T*foSG 
a NOBWd*+»»V^'frfcJ«8***3 6 5 nmTifc 

*|£*5V^"Ctt* GaN^ft^l 6^<bMtbUfcftte 
G a NlgftJf 1 6£OTOlcM$^fcnlG a 1 2 
50 -ePj&i&£ftS i: i: tjl-. G a N^ftii l 6 <D±mzMf& 
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[0 0 0 6 ] #t^, G a N&ftS 1 6 J; 9 \ZMf& 

ZtlZ>9tl&X*fR2* ?y Kil 4. l8 0lJf$ttG 
a N353teS l 6 cojmtff^J: 9 fc/h3V*fc«> N |g#;B 1 6 
d»b*tfflbfc*rinaiG a N§ 1 2 iKiJ&tf p ^ G a Nl 

[0 0 0 71**5, plGaNtSMS2 0WB, 

n^GaNll 2 »l(teffi«ftffi;«Ofc«>(^4 < irt 
0. 5Mm^±r^t5OTife5t^ nSGaNi 
l 2fcA»Lfc*ttli*3:l 0 0%«iR*4xr L*5IHIB 

[0 0 0 8] ±IB«*ft«0*1-5»«fc« 

NX^ftSBtrlKfti-* r t fc&S e 
[0 0 0 9] 

*&Wte. Kffi-HdE&G a Nil, Sl^7y K 

[0010] tulSS^iifi, itllS^ 1^7yKI«tn 

[0011] b«1E»2 * 7^ KB-bl^ mjlS^3fe 

■d^©*©'>4< t-»«:Slti-SJ|2S»Ji«:$ 

[0 0 12] SSS*2S»lli, «tSS«2^7y KB J: 

[0013] ^^g(C*5V>r, g9«23S*Stt, G a N<D 

»d*e>*«1-5wt^tf*, GaN, A I G a 

N, AlGaInN s Alln N<ZV>&< fc fcvW*l,;&» 

[0 0 14] HutaRjWJitt. AlGaN, Al I 

n G a N, A 1 I n N, A 1 N£>4>fc< £ tV^-fJxd^ 

[0 0 15] KMit LXCDS i 02fcSV>H^(±, 

g a um±\zm&mzmi£tstiZo 

[0016] ffli:i5Ga NSWfrfi* 

MMUMSIB-m, G a NJi£3gftJ§^offfl, J: ^frft 
tcteGa Nl^7y KBfc^JMEKEI*B*rRtf\ ^ 
^S«I-eASt*S:i54t^t5: fct?G a NBTW* 




M2 0 0 3 - 2 5 8 2 9 7 



It:A^t5^, *©*TMB#«J^Jb^A»-*-5#;*:£ 

[0017] AMft££RJtt£-ti:SI-te. ^ 9 * KJBJ: 

*^*#*£VMaMWA*/h*<R*-e#S. — 
R^fi! teG aNl^7^ KB£oj^i;i^$$;ft,5fc 
fes K»iO«'»f4G a N*^ 9 y KifcSV^ttG a N 

[0 0 18] 

[0019] 01 ICH, **lfi^ffilC« 5 G a N^^^ 
(UV-LED) ©IMto^SfUT^S. E3 4 

1G aNil2, niA lGaN^77 KB (iH7 
20 y KB) 14, GaN$&jtBl6, plA 1 GaN^7 
V KB (S2^7yKl) 18, plGaNMMl 
2 0«^ P It-v^fi2 2Wnit- 
^y^lffi2 4«$Wo niGaNll 2^M 

77l±l:nlGaNll 2 tfBf&ZtlZ* 

[0020] *WHiWBlc:*3V^-C4»*W4w fc 

tt, nlGaNll 2tSl^7^KI14t(0|Wl: 
R#tJf 5 O^WrtSlxSfc i: fcfc* *2^7yKH8 
biGa NtSSAl 2 0 t tC tR&fB 5 2 # 

50 ^dc^HSo **3, plGaNigWl2 0W$ 

rj^ji 5 o tcov^-cttwrso 

[0 0 2 1 ] R£fJi 50li»H7yK114J:») t>/h 
S*JB*f**r#U :til:J: 0ttJMl£Ui-e**B l 6 
5 0»cA»Lfc3te^SA*^tut:nS!G 
aNll 2CA»UV> 0 wttKJ;!^ n^G a NJI 1 

40 5o Si * 7* KB l 4 J: 9 t/h$*®W*«r*i-5«- 
JWfcb-Ctt, ^9yKlOt»t?*5AlGaNJ:n 
^Cfrft^^ K** ymtSA 1 G a N, A 1 InG 
aN, Al InN*OgftS:ffl^5:im5, * 

[0 0 2 2 ] OO/P^li, 3fe?5 s ^RI*i- 

^R^ttAWA^aieilwftffi-S^, 0nmJ^_b 
50 [0 0 2 3] $ biz, RMS 5 OUBKJWfiLkTfXl* L 
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**>ibTfc5o EtJJf 5 0 t ITA l G a N, £SU S i 

[0 0 2 4 ] 
[^1] 





(it**)'* 






0 


1 


1 


S©2(100nrTO 


0 


4£ 


NA*** 


SK)2(iaOnnrO 


1 


1-3 


Z5 


SSI (100nm) 


0 


6.8 


NA*** 


SSR OOOrwrO 


1 


1.5 


3 


ALiGa.flN(20nm) 


0 


1.5 


1.3 


At2GaefsJ(20nm) 


0 


1.8 


1.6 


ALaGa.7NK20nm) 


o 


1.9 


2 


ALeGa.6N(20nrrO 


0 


2.1 


2.1 


ALN(20nm) 


0 


2.3 


1.0 



itl^^T, MntBtt:*»:SM5 0«rnlGaN| 20 
o#^/S$jh/rv^v*»#o l icit-<, RMsotl 

TAlGaN^iCMLmClil. 5-2. 1 30 
l£it:*:U t^S i 02^r^®{^^c;L/c^^^g^t 

TA 1 N^V^Sf-g^tt 2 . 3 tm*l>X\s^Z>Z.ttf 

[0 0 2 5 ] KttM SOt ITA 1 G a 

ITS i 02fe5V^i£fa£r/BV^£§-g\ ^*b<b£:Ga 
Nil2igH7yKil4i ©#B^ffi(c*dti--5 

j£S£^5w£asT#ftV^<b-efc5. ^-~C\ S iO 

[0 0 2 6]^ S i 02fc<&^tt£SUl£:f8V^» 

[0 0 2 7 ] EI 2 Ktfu S i 02 *K$tim t LT/B^S 50 



1 0±(Cn^G a Nj§ 1 2 J&*«K f*W 

SrlSSSSB (MOCVDgS) /^b^ttJU SiOz 

4, Ga NJBftJI 16, !2^7yKI18, Ga Nl 
11^12 OfcJ0lftj»*£-£5. Bgf&WiCS i 0 2 ^ 
«t5t, S i Oz^flrtEU4v^RJp»d^|liE*rtJfcil 

SJG a Nl 1 2 til ^77 Kl 1 4 ^M^S i O 
lELttmS 4OTgja;SJT,5. 
[0 0 2 8] )fe*5 % Kifib^J: 9t-s Si OzS*tS5 

0>lH5#KAI*LfcftttnS!G a Nil 1 2«§jl5: 

S i OzKWJB 5 4 *s#*Ei-S«»"C»4, 
A 1 G a N^It Itfflv^i^j: 5 tiBSV^K^* 

[0 0 2 9] tl l-fe^T, S iOz^iPM^o 
P»itSM*SMS3JxS q 

[0 0 3 0 ] 3»**rfi**Jli: Utffi^^i^Co 

[0 0 3 1 ] EI 3 l-fi s S«[«rjKttJI t UTffiVN^^^ 
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<7>1$J&a^£JxTV^o S i 02*rJII|Rtt^Wj*i-5w 
its i Oz^&iH-Jii: LT/Bl^SCL t^nj^feS 
■hK S i Oz UfeftCS 1 ^ 7 y KI 1 

4fcflc*$1i-5IRort**fl=4rMi-Swi:^ SiO 

K#ffl*R*M5 6 t U-C«Ki-S. JWtWfctt, mi 

£*v5 0 S i Oz ±fc»fifc 3 ;h/fcffl*Ulr±, S i 02^)1 
<£<fc 9 t$ bl-^ftt-G a Nl 1 2tO»lfcfc»*l1- 
5 0 ^1TU fWJ-§3 P ^it^T-it^ Lfcl§-g\ SiO 
zcoi. 3 Kifc^^al* 1 . 5tfc!K E#fJ§#*^» 

[0 0 3 2] 

[HJ60J] i^r^rKtefcTK^Il^+ti loot 
T«U 5 0 ortc^SSrTtffe^tciV^^^^i: T 

GOJifi, KO±l^*§itSG a N $ bl-ttA l G a N 

y7 7ifc»«U *<D'&n.&& 1 0 7 OlCKJbtf-Cn 
iGaNl«:2/ i mSft$tt Q 2 0nmf©A 

lo.iGaojNSStlWU SH7yKltLt 
-&#f2 0 0 nmJ¥ =^ nmf A lo. iG 

ao. 9N/ 2 nm/pG aN) OnfSLS5 0 mM&M 
^ 2nmI(DGaNMl$rM$«, £ <bl^ 
mWyvYMh LT-frtf 1 5 0 n mJ? (M g K— ^ 2 
nrnfA 1 o. i G a 0.9N/ 1 n mipG a N) p§JSLS 
5 0H*S:MU ti»*ltUMgK-^plG 
aNl$rllftl 0 7 0t-CSfi$tfc o J&ftSL 
pSaWtS^*l, nlGaNilTx^f^ 

I^IiLTSvM: l 2 Ofl[©ftS«:ftt*lfili:^^ 7 

^lt7/^^^l!l/: 0 Si^7s/KIiirto 
nlS LSte^A 1 M5%OA 1 G a NiWCfc 
5o RMMt LXCDA 1 G a NWA 1 »j«Jfc£*»2eft; 
£itT (A1=0. 1, 0. 2 N 0. 3 S 0. 5) fV< 

[0 0 3 3] RAtB^ja^FtC, A 1 G a N<Dttfr 

D I^G a NI±H^ h 7 7 P ±(7)-7 7 ^ $rM CV 
D^ffiV^X S i Oz^^ h 7^ y^CM Lfcc S iOz 

(Dmns a m s m inn <nm\-± 5 ? m, 1 0 

Onmtfo^ (IP]Pg|5J**= 1) 0 JEJLtOj: 5 I- UTS 

[0 0 3 4] 3<bl^ S i OzSr* h^^r^lcfS 
CiT'S i 02±^^V K«r»J*L, [S3<afl|j«i:l^« 
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5 

HlOOnmtfeS. EltJf £r* LftV^'W * 

[0 0 3 5] wtbfe±"COW*rn-*#-C«J6Lfcl* 
MSllcH^fiilt^to fc*3, S i 02&^ 

NA (fl5*H*-j") ilt^Oo KWIiLTAlGaN 

3-2. s 
[0 0 3 6 ] fc*3. m 1 l-*3V^T, S i 02, RXfi&fX. 

s i oz^^<Dm^^^mmm^f&\^x^^tzisb 

^Oi^^btVoo 1"**>t>, S i Oz^^IMCf 

[0 0 3 7] *»WO|tllli*ttlwOV^"CIttW Ufc 

[0 0 3 8]iill *j»»«t»48*ifcLtGa 
N«rfflV^tV^3ft*. G a Nlc®ite£;h,5 ^fc£a^fcH1-5#■ 
50 wtOj:5**3tJiSr«l^1"5i. A I G a N, A l G a 
I n N, A l In N^t£>£o 
[0 0 3 9] &ti, &Mg<Dttm*. I£a£Lfc«fc 

^77 KJI^)JsS*«rtt»f 5£ 5*W»^rfflv^ 
[0 0 4 0] 

[Hffifl5«l*4RW] 

[Ell] jl**1BO««iatfe5. 

[EB 2 ] ffii^llft^ffi^WfiEiatfoSo 

[(§13] $fe^«t^J81B*lBfl>«j«Htfc5. : 

[B4] te*««^«*H-e*>5. 

10 gffi, 12 nlGaNl, 5 0 EltJi* 14 
Sl^77Ki, 16 GaNM, 18 ^2^ 
7^Ki, 5 2 E^B, 2 0 pSGaNtCSA 
50 1, 2 2 pSt-V7^1I, 2 4 n§!;*-— 
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